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AB Xylose utilization is essential for the efficient conversion of 

lignocellulose to ethanol. The objective of this review is to trace the 
development of xylose-fermenting yeast 

strains from their discovery in 1980. Following initial reports, screens 
of known yeasts identified five species of interest: Candida shehatae, 
Candida tenuis, Pachysolen tannophilus, Pichia segobiensis, and Pichia 
stipitis. Candida shehatae strains can be divided into three varieties. 
Pachysolen tannophilus and Pichia stipitis have been studied most 
extensively and have the best-understood genetic systems. Improved 
mutants 

of P. tannophilis have been obtained by selecting for an inability to 
oxidize ethanol (eth) and for rapid growth on xylitol and nitrate. 
Improved P. stipitis mutants have been obtained by selecting for 
f locculation, decreased utilization of glucose, and growth on 
noninductive 

carbon sources. Bacterial xylose isomerase has been cloned and expressed 
in S. cerevisiae and Schizosaccharomyces pombe, but 
the heterologous enzyme is inactive. Xylose reductase and xylitol 
dehydrogenase have been cloned from P. stipitis and expressed in 
Saccharomyces cerevisiae, giving rise to transformant S. 
cerevisiae that grow on xylose but that ferment it poorly. A 
transformation and expression system based on the URA3 marker has 
recently 

been developed for P. stipitis so that contemporary genetic methods may 

be 

brought to bear on this organism. 
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AB EtOH [64-17-5] is produced from D-xylose [58-86-6] or hemicellulose 
hydrolyzate by Candida or Saccharomyces cerevisiae mutants. Thus, 
S. cerevisiae ATCC 20618 was inoculated into pH 5.6 YM 
medium contg. 5% xylose and incubated at 30. degree, for 48 h with 

shaking. 

The concn. of EtOH was 1.41%. 

ST Saccharomyces ethanol fermn xylose hemicellulose; Candida ethanol fermn 
xylose hemicellulose; yeast ethanol fermn xylose hemicellulose 

IT Candida 

(ethanol manuf. from hemicellulose hydrolyzate and xylose with) 
IT Saccharomyces cerevisiae 

(ethanol manuf. from xylose with) 
IT Fermentation 
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AB Xylose utilization is essential for the efficient conversion of 

. lignocellulose to ethanol. The objective of this review is to trace the 
development of xylose- fermenting yeast strains from 

their discovery in 1980. Following initial reports, screens of known 
yeasts identified five species of interest: Candida shehatae, Candida 
tenuis, Pachysolen tannophilus, Pichia segobiensis, and Pichia stipitis. 
Candida shehatae strains can be divided into three varieties. Pachysolen 
tannophilus and Pichia stipitis have been studied most extensively and 
have the best-understood genetic systems. Improved mutants of P. 
tannophilis have been obtained by selecting for an inability to oxidize 
ethanol (eth) and for rapid growth on xylitol and nitrate. Improved P. 
stipitis mutants have been obtained by selecting for f locculation, 
decreased utilization of glucose, and growth on noninductive carbon 
sources. Bacterial xylose isomerase has been cloned and expressed' in S. 
cerevisiae and Schizosaccharomyces pombe, but the 
heterologous enzyme is inactive. Xylose reductase and xylitol 
dehydrogenase have been cloned from P. stipitis and expressed in 
Saccharomyces cerevisiae, giving rise to transformant S. cerevisiae that 
grow on xylose but that ferment it poorly. A transformation and 
expression 

system based on the URA3 marker has recently been developed for P. 
stipitis so that contemporary genetic methods may be brought to bear on 
this organism. 
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fermenting yeast strains. 
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AB Xylulose fermentation by four strains of Saccharomyces cerevisiae and two 
strains of xylose-fermenting yeasts, Pichia stipitis CBS 6054 and Candida 
shehatae NJ 23, was compared using a mineral medium at a cell 
concentration of 10 g {dry weight)/!. When xylulose was the sole carbon 
source and fermentation was anaerobic, S. cerevisiae 

ATCC 24860 and CBS 8066 showed a substrate consumption rate of 0.035 g g 
cells-1 h-1 compared with 0.833 gg cells-lh-1 for glucose. Bakers' yeast 
and S. cerevisiae isolate 3 consumed xylulose at a 

much lower rate although they fermented glucose as rapidly as the ATCC 

and 

the CBS strains. While P. stipitis CBS 6054 consumed both xylulose and 
glucose very slowly under anaerobic conditions, C. shehatae NJ 23 
fermented xylulose at a rate of 0.345 gg cells-lh-1, compared with 0.575 
gg cells-1 h-1 for glucose. For all six strains, the addition of glucose 
to the xylulose medium did not enhance the consumption of xylulose, but 
increased the cell biomass concentrations. When fermentation was 
performed 

under oxygen-limited conditions, less xylulose was consumed by S 
. cerevisiae ATCC 24860 and C. shehatae NJ 23, and 50%-65% of 
the assimilated carbon could not be accounted for in the products 
determined. 
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AB As a part of the alcoholic conversion of lignocelluloses , fermentation of 
a glucose-xylose mixture by a coculture process was investigated in 
oxygen-limited conditions. In batch mixed cultures of Saccharomyces 
cerevisiae CBS 1200 and Candida shehatae ATCC 22984, ethanol was produced 
only from glucose. During the fermentation by S. 
cerevisiae consuming glucose, the fermentation and growth 
activities of the xylose-fermenting yeast 

were extremely low, although an optimal condition of oxygen transfer rate 
in the co-culture was used. The use of a repiratory-def icient mutant of 
S. cerevisiae CBS 1200 allows significant cell growth of 
C. shebatae in a batch culture under a favourable oxygen condition. The 
growth of C. shehatae, however, results in the utilization of glucose, 

due 

to the catabolic repression of glucose on the xylose consumption. When 

the 

two yeast strains were co-cultivated in a continuous culture, the 
simultaneus conversion of glucose and xylose was obtained: conversion 
yields of glucose and xylose were respectively 100% and 27% of a 
diffusion 

rate of 0.02 h-1. When the mutant of S. cerevisiae was 
co-cultivated with Pichia stipitis NRRL. Y11545, a rapid xylose- 
fermenting yeast, the co-fermentation of glucose and 
xylem was enhanced: ethanol was produced with a yield of 0.42 g of 
ethanol/g of consumed sugars and the respective yields of glucose and 
xylose conversions were 100% and 69% of the tested dilution rate of 0.02 
h-1. The advantages of the co-cultivation of a respiratory-deficient 
mutant of hexose-f ermenting and a xylose -fermenting 
yeast are discussed. 
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Section cross-reference (s) : 3 
AB The classical organism for ethanol prodn., Saccharomyces cerevisiae, uses 

hexoses as a major substrate. The latter constitutes 70% of the prodn. 
. price. Only cheaper substrates can have a large impact on the costs of 

this process. In this paper possibilities will be addressed to develop 

yeast strains which can ferment carbohydrates that are not fermentable at 

present by S. cerevisiae. As an example, the 

possibilities to develop a xylose-fermenting 

yeast strain will be described. Xylose is the monomer of xylan, 
which constitutes about 10-35% of plant biomass. Expts. towards the 
introduction of the bacterial xylose isomerase (XI) pathway into S 
. cerevisiae are described. The xylose isomerase gene from 
Bacillus subtilis was isolated and expressed in S. 
cerevisiae under control of the PDC1 promoter. Transf ormants 
produced about 2% of the cell protein as the product of the XI gene, but 
no enzymic activity was detectable. Another approach to introduce the 
xylose pathway found in some yeasts is discussed. 
ST ethanol fermn xylose Saccharomyces gene cloning; Bacillus xylose 
isomerase 

gene cloning yeast 
IT Fermentation 
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IT Molecular cloning 
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AB This invention relates to recombinant-DNA-technology . Specifically, 

thlS invention relates to new recombinant yeast strains transformed with 
xylose reductase and/or xylitol dehydrogenase enzyme genes. A yeast 
strain transformed with the xylose reductase gene is capable of 

redUCln x ylose to xylitol and consequently of producing xylitol in vivo. If 

b ° th of these genes are transformed into a yeast strain, the resultant 

Strain is capable of producing ethanol on xylose containing medium during 
fermentation. Further, the said new yeast strains are capable of 
expressing the said two enzymes. Xylose reductase produced by these 
strains can be used in an enzymatic process for the production of 
xylitol in vitro. 

PARN This application is a continuation, application Ser. No. 07/848,694 

filed on Mar 9, 1992, now abandoned, which is a continuation-in-part, 
of application Ser. No. 07/527,775 filed on May 24, 1990. 

SUMM FIELD OF THE INVENTION 

This invention relates to recombinant-DNA-technology. Specifically this 
invention relates to new recombinant yeast strains transformed with 
xylose reductase and/or xylitol dehydrogenase enzyme genes. A yeast 
strain transformed with the xylose reductase gene is capable of 

redUCin x y iose to xylitol and consequently of producing xylitol in vivo. If 

b ° th of these genes are transformed into a yeast strain, the resultant 

Strain is capable of producing ethanol on xylose containing medium during 
fermentation. 

Further, the said new yeast strains are capable of expressing the said 
two enzymes. Xylose reductase produced by these strains can be used in 
an enzymatic process for the production of xylitol in vitro. 
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